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Heat exchanger usir^j^^l^iea MAR 

The invention relates to a heat exchanger suitable as 
part of. a heating, ventilation and/or air-conditioning 
5 device, . particularly of an automotive vehicle, 
comprising a plurality of modules stacked in a first 
direction, connected to an inlet pipe and to an outlet 
pipe for a first fluid and suitable for circulating 
said first fluid. 

-lb 

In the particular case of an automotive vehicle, the 
heat exchanger may, for example, be an air-conditioning 
evaporator conveying a refrigerant in order to cool the 
air flow and produce refrigerated air that is sent into 
15 the vehicle passenger compartment. The heat exchanger 
may also be a heating radiator conveying a hot fluid, 
usually the cooling fluid of the vehicle engine, in 
order to heat the air flow and produce hot air that is 
sent into the passenger compartment. 

20 

In a conventional air- conditioning circuit, the 
refrigerant crosses, in this order, a compressor, a 
condenser, a pressure reducer and an evaporator, before 
returning to the compressor. In the evaporator, the 

25 refrigerant passes ' from a liquid phase or a 
liquid/vapor phase to a vapor phase by receiving heat 
from the air flow which is thereby cooled. Such a 
circuit conventionally conveys a refrigerant consisting 
of a fluorocarbon like the one known by the name R 134 

30 A. 

Air-conditioning circuits conveying a refrigerant 
operating according to a supercritical cycle, such as 
CO2, for example, are also known. 

35 

One drawback of the known evaporators is that their 
capacity to cool the air flow depends on the operation 
of the compressor. In other words, the air flow is no 
longer cooled if the compressor is stopped. 
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In fact, in most automotive vehicles, the compressor is 
driven by the engine and is therefore turned off when 
this engine stops running. 

• 5 ■ 

Within the context of pollution control standards, it 
is envisaged to construct automotive vehicles which 
stop the internal combustion engine when the vehicle is 
in neutral, and then restart the engine whenever 

10 necessary, using an alternator- starter . The result is 
that when a vehicle of this type is in neutral, the 
internal combustion engine being stopped, the air- 
conditioning is also stopped. Stopping of the internal 
combustion engine has the effect of stopping the 

15 compressor, causing a feeling of discomfort to the 
passenger (s) of the vehicle, because of a lack of cold 
after 10 to 12 seconds of blowing. 



A similar problem may arise in the case in which the 
20 heat exchanger is a heating radiator, because the heat 
transfer fluid is circulated by a pump that is 
conventionally driven by the vehicle's internal 
combustion engine. Thus, stopping the engine has the 
effect of stopping the pump and therefore stopping the 
25 fluid circulation, causing a feeling of. jdiscomfort, 
especially when the outdoor temperature is very low. 

It is a particular object of the invention to overcome 
the above drawbacks by proposing means for storing 
3 0 either cold (by consequently giving up heat) or on the 
contrary, heat, when the vehicle engine is running, and 
to restore this cold or heat to the passenger 
compartment when the engine is stopped. 

35 The invention relates in particular to a heat exchanger 
of the type defined in the introduction, and provides 
that said modules comprise two series of distinct 
channels suitable for receiving said first fluid and a 
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second fluid, the second fluid being conveyed by at 
least a third pipe. 

Optional features of the invention, complementary or 
5 substitutive, are listed below: 

- One of the first and second fluids is immobile in 
said channeils, the exchanger performing a static 
storage function. 

10 

- The first and second fluids flow in said channels, 
the exchanger performing a dynamic storage function. 

- The first and second channels of each tube are 
15 arranged respectively on either side of an 

intermediate partition extending substantially 
perpendicular to the tube alignment direction. 

- The second channels have a thickness of between 1 and 
20 5 mm in said direction. 

- The tubes are connected at one of their ends to a 
manifold bounding chambers for the first and second 
heat transfer fluids, two subassemblies of the first 

25 channels of the same tube terminating in two 

different chambers and communicating together at the 
opposite end of the tube, and two subassemblies of 
the second channels of the same tube also terminating 
in two different chambers and communicating together 

30 at the opposite end of the tube, in order to define 

U-shaped routes between the respective chambers for 
the first and second fluids. 

- The manifold comprises a profiled part with 
35 longitudinal ducts which define said chambers. 

- At least one of said ducts is divided by at least one 
transverse partition into at least two chambers in 



order to define, for the first fluid, a route of at 
least four passes in the heat exchanger. 

The profiled part has first and second ducts defining 
the chambers which communicate with the first 
channels, and a third duct arranged between them, an 
inlet orifice and an outlet orifice for the first 
fluid, arranged at a first end of the manifold, 
communicating one with the first duct and the other 
with the third duct, and one of the first and second 
ducts communicating with the third duct in the 
vicinity of the. second end of the manifold. 

The heat exchanger comprises a plurality of modules 
stacked in a first direction, each formed of three 
mutually joined plates, that is a first plate turned 
toward a first end of the stack, a second plate 
turned toward the second end of the stack and a third 
intermediate plate, the plates each extending, 
substantially along the same contour, in the second 
and third directions substantially perpendicular to 
each other and perpendicular to the first direction., 
the modules being separated from each other, in at 
least one median region, in order to define intervals 
between them for the passage of an air . flow in the 
third direction, and the plates being stamped in 
order to define passages in each module for the 
circulation of the first and second heat transfer 
fluids in the second direction, respectively on 
either side of the intermediate plate, and having, in 
two end regions located on either side of said at 
least one median region, openings for enabling the 
various modules to receive the first and second 
fluids, the plates being connected together to be 
sealed to the fluids around the openings, and at 
their periphery in each module . 
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- The passages for the circulation of the second fluid 
have a thickness of between 1 and 5 mm in the first 
direction. 

Each plate has, in. a first of said end regions, first 
and second openings for the circulation of the first 
fluid in the two directions respectively, and a third 
opening for . the circulation of the second fluid in a 
first direction, and, in the second of said . end 
regions, a fourth opening for the circulation of the 
second fluid in the second direction. 

- The third opening is arranged between the first and 
second openings in the second direction. 

15 

- The fourth opening is elongated in the second 
direction. 

The first plate of a module and the third plate of a 
neighboring module have respective mutually 
supporting projections in which the corresponding 
first and second openings are arranged, the first and 
second openings of the second plate of said 
neighboring module being crossed in a sealed manner 
by the projections of said third plate. 

- The third opening of the first plate of a module is 
adjacent to that of the third plate of the same 
module and to that of the second plate of a 

3 0 neighboring module, the latter opening being arranged 

in a projection. 

- The first plate of a module and the second plate of a 
neighboring module have respective mutually 

35 supporting projections in which the corresponding 

fourth openings are arranged, the first and third 
plates of a module being connected in a sealed manner 
at an annular zone surrounding the proj ection. of the 
first plate and the opening of the third plate. 



5 
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- The second direction is substantially vertical, said 
first end region being the upper region and the 
second fluid flowing upward. 

- The second heat transfer fluid is suitable for 
passing from the liquid state to the solid state when 
it receives cold from the first heat transfer fluid 
and, vice versa, when it restores the cold. 

- The second heat transfer fluid has a melting point of 
between 0. and 10°C and preferably between 4 and 7°C. 

- The second heat transfer fluid has an . enthalpy of 
15 fusion of at least 150 kJ/kg. 

- The second heat transfer fluid is selected from 
tetradecane, paraffins, hydrated salts' and eutectic 
mixtures . 



20 



- The heat exchange area between the first and second 
fluids in the heat exchanger is between 0.5 and 1.5 



m . 

25 - The direct heat exchange area in contact with the 
second fluid in the heat exchanger is between 0.5 and 
1 . 5 m^ . 

- At least part of the spaces provided in the heat 
3 0 exchanger for the circulation of the second fluid in 

thermal contact with the first fluid and/or with an 
air flow is lined with a highly porous heat- 
conducting foam, particularly graphite. 

35 A further object of the invention is the use of a heat 
exchanger as described above in a heating, ventilation 
and/or air-conditioning device, particularly of an 
automotive vehicle, comprising at least a first closed 
loop in which said heat exchanger is crossed by an air 
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flow and in which said first fluid can circulate so as 
to give up heat or cold to said air flow in the heat 
exchanger, and a second closed loop in which said 
second fluid can circulate between said heat exchanger 
5 and a tank so as to receive heat or cold from the first 
heat transfer fluid in the heat exchanger to store it 
in the tank to restore it to the air flow in thie heat 
exchanger, according to the heating or cooling capacity 
produced by the first loop and the air flow treatment 
10 requirements. 

The second loop advantageouisly contains between 200 alnd 
500 g of the second fluid. 

15 The features and advantages of the invention are 
described in greater detail in the description below, 
with reference to the drawings appended hereto. 

Figure 1 is a circuit diagram of a device using an 
20 evaporator according to the invention for providing 
air-conditioning in the passenger compartment of an 
automotive vehicle. 

Figure 2 is an elevation view of an evaporator 
25 according to the invention. 

Figure 3 is a partial cross section along III- III of 
figure 2. 

3 0 Figure 4 is a . longitudinal cross section of the 
manifold of the evaporator, along IV- IV of figure 5. 

Figure 5 is a partial view of the evaporator, in a 
cross section along V-V of figure 4. 

35 

Figure 6 is a cross section of a variant of the 
manifold of the evaporator, along VI-VI of figure 5. 

Figure 7 is a partial elevation view of another 
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evaporator according to the invention. 

Figure 8 is a partial cross section along VIII-VIII of 
figure 7. 

5 

Figure 9 is a partial cross section along IX- IX of 
figure 7 . 

Figures 10 and 11 are partial cross sections along X-X 
10 of figure 8, respectively of the upper part and the 
lower part of the evaporator. 

Figures 12 to 14 are front views of the three plates 
comprising a module of the evaporator of figures 7 to 
15 11. 

Figure 15 shows a replacement plate. 

Figure 16 is a diagram similar to figure 1 relative to 
20 a variant of the device. 

Figure 1 shows an air-conditioning device of an 
automotive vehicle. This device conventionally 

comprises a refrigerant loop BF in which the fluid 

25 passes in succession through a compressor BFl, a 
condenser BF2, a tank or ''bottle" BF3 , a pressure 
reducer BF4 and an evaporator BF5 before returning to 
the compressor. The device also comprises a heating 
loop BC in which the cooling fluid of the vehicle 

3 0 engine M flows under the action of a pump BCl, driven 
by the engine M, the loop BC further containing a 
heating radiator BC2 and solenoid valves BC3 for 
controlling the flow rate of fluid in this radiator. 
An air flow shown by the arrow F passes in succession 

35 through the evaporator BF5 and the radiator BC2 to be 
brought to a desired temperature before being 
introduced into the vehicle passenger compartment. 

According to one embodiment of the invention, the 
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evaporator BF5 is also part of a loop BS that further- 
contains an electric circulating pump BSl and a fluid 
storage tank BS2 . As shown in detail below, the. loop 
BS contains a heat transfer fluid that is capable of 
5 exchanging heat with, the refrigerant and with the air- 
flow F in the evaporator BF5 . 

During the initial operating period of the device, the 
pump BSl is stopped and the fluid does not flow in the 

10 loop BS. Only the small amount of this fluid present, 
in the evaporator BF5 is cooled by the refrigerant, 
enabling rapid temperature conditioning of the 
evaporator. As soon as the desired temperature for the 
evaporator or for the air flow F is reached, the pump 

15 BSl is started, so that cooled fluid flows in the loop 
BS, causing a storage of cold in the tank BS2 . In case 
- the engine, and consequently the compressor BFl, is. 
stopped, the circulation of the fluid in . the loop BS 
continues under the action of the pump BSl, and this 

2 0 fluid takes over from the refrigerant to cool the air 
flow F by extracting cold from the tank BS2 . 

Figure 2 shows an evaporator 10 according to the 
invention which may constitute the evaporator BF5 in 

25 figure 1. This evaporator comprises a bundle 12 formed 
from a plurality of parallel tubes 14 alternating with 
corrugated inserts 16 supplying heat exchange areas. 
The bundle 12 is inserted between two manifolds, that 
is a manifold 18 placed here in the upper part and a 

30 manifold 20 placed here in the lower part. The 
manifold 18 is equipped with an inlet pipe 22 for the 
refrigerant in the liquid phase or in the liquid/vapor 
phase and an outlet pipe 24 for the refrigerant in the 
gas phase. The refrigerant enters the pipe 22 as shown 

35 by the arrow Fl and exits the pipe 24 as shown by the 
arrow F2 after having exchanged heat with an air flow 
that flushes the bundle 12 as shown by the arrows F in 
figure 2. As in a conventional evaporator, the tubes 
14 comprise circulating channels for the refrigerant 
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which thereby exchanges heat with the air flow. The 
refrigerant in the liquid phase or in the liquid/vapor 
phase is converted to the vapor phase by absorbing 
heat, thereby cooling the air flow. 

5 

The tubes 14 • of the invention are different from the 
tubes of conventional evaporators insofar as they offer 
a dual function, that is, to permit the circulation of 
the refrigerant, and also, according to one embodiment 
10 of the invention, the circulation of the fluid of the 
loop BS which is then a heat transfer fluid. 

As shown in figure 3, the tube 14 comprises two parts 
in the form of plates, that is, a first part 26 in 
15 which channels 28 are formed for the circulation of the 
refrigerant, and a second part 3 0 in which channels 3 2 
are formed for the circulation of the heat transfer 
fluid. 

20 The plate 2 6 is made by extruding a metal material, 
preferably aluminum or an aluminum-based alloy. In the 
example, the portion or plate 26 comprises a row of 
channels 28 each having a substantially rectangular 
cross section and it is bounded by two large parallel 

25 sides. 

The plate 3 0 is also formed by extrusion of a similar 
metal material and it comprises a row of channels 32 
each having a generally rectangular cross section, 

3 0 except for the channels adjacent to the lateral edges 
of the plate 30. This plate 30 is bounded by two large 
parallel sides. One of the large sides of the plate 26 
is connected to one of the large sides of the plate 30., 
for example, by brazing to form an integral unit. The 

35 corrugated inserts 16 are advantagepusly formed from 
the same metal material as the plates. 

The channels 28 have internal dimensions and wall 
thicknesses selected taking account of the type and 
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operating pressures of the refrigerant used. 

Thus, in the case of a conventional refrigerant, such 
as the fluid R 134 A, the channels 28 have a hydraulic 
5 diameter generally of between 1 and 2 mm, the burst 
pressures usually being about 3 6 bar. 

In contrast, in the case of a refrigerant such as CO2, 
the channels generally have dimensions of between 0,5 
10 and 1 mm, the burst pressures usually being about 
250 bar. 

The channels 32 are intended for the circulation of the 
heat storage fluid. 

15 

By way of example, the cross section of the channels 32 
may have a height of about 3 mm and a width of about 1 
mm, these dimensions obviously being subject to 
variations. These dimensions and the thicknesses of 
20 the \yalls surrounding the channels 3 2 are selected also 
taking account of the pressure requirements. The 
pressures of the heat transfer fluid are relatively 
low, generally lower than 5 bar. 

25 The total quantity of heat transfer fluid depends on 
the heat (cold) energy to be transferred to the air 
flow to be sent to the passenger compartment. 

Reference should now be made to figures 4 and 5 for a 
30 particular description of the structure of the manifold 
18 in the evaporator of figure 1. The manifold 18 
comprises a profiled part 38 and a manifold plate 40 
formed from the superimposition of several plates 
bounding flow openings or passages. 

35 

The profiled part 3 8 has an elongate shape and 
internally bounds three parallel ducts for the 
refrigerant. One duct 42 extending along one side of 
the profiled part is divided by a joined partition 44 



- 12 - 



in order to form an inlet compartment 4 6 and an 
intermediate compartment 48. At the opposite end of 
the duct 42 is a duct 50 forming a flow compartment. 
Another duct 52 placed between the ducts . 42 and 50 
5 forms an intermediate compartment. The inlet pipe 22 
communicates with the compartment 46, while the outlet 
pipe 24 communicates with the. compartment 52. The 
compartment 42 and the compartment 52 are closed by a 
plug 54 at the end of the part 38 opposite the pipes 22 
10 and 24, while the compartment 50 is closed at its two 
ends by plugs 56. 

The manifold 20 is formed from a stack of plates which 
bound appropriate passages (not shown) to make all the 
15 channels 28 on the one hand and all the channels 3 2 of 
the same tube on the other communicate with one 
another. 

Similarly, the abovementioned passages of the manifold 
plate 4 0 cooperate with passages of the profiled part 
3 8 to establish appropriate communication between the 
compartments 46, 48, 50 and the ducts 60 of the 
manifold 18 on the one hand, and the channels 28 and 32 
of the tubes on the other. 

In the example shown, the refrigerant circulates in 
four passes in the evaporator. It first enters the 
compartment 4 6 and goes on to compartment 50, twice 
through the channels 28 (passes 1 and 2) and is then 
conveyed to the compartment 48 again passing twice 
through the channels 28 (passes 3 and 4) . From there, 
the fluid reaches the compartment 52 via an opening 58 
in the partition between the ducts 42 and 52, in the 
vicinity of the plug 54. The fluid then reaches the 
outlet 24 . 



25 



30 



As also shown in figure 5, the profiled part 38 of the 
manifold bounds two longitudinal ducts 60 which 
communicate via passages 62 with the channels 32 of the 
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tubes 14. In this way, the two ducts 60 serve to 
establish communication between the channels 32 of the 
various tubes. In the same way as the ducts 42 and 52, 
the ducts 60 arei blocked at one end of the manifold and 
open at the other end to communicate with the rest of a 
secondary cold storage loop such as the loop BS in 
figure 1. 

The. manifold shown in figure 6 differs from the one in 
figure 4 in two points. On the one hand, each of the 
side ducts 70, 72 for the refrigerant, which 
communicate with the. channels 28 of the tubes via 
openings 74, is divided longitudinally by a partition 
76, 78, these two partitions being offset to each other 
in the longitudinal direction of the manifold, whereby, 
in a known manner, in the example in figure 6, a fluid 
circulation occurs in six passes instead of four. On 
the other hand, it is the median duct 82 that is 
connected to the fluid inlet pipe 82, the side duct 70 
being connected to the outlet pipe 84, while the other 
side duct 72 is connected to the median duct 80 via a 
communicating opening 86. Obviously, according to the 
number of transverse partitions, the number of passes 
may be different from 4 or from 6, the median duct able 
to be connected either to the inlet pipe or to the 
outlet pipe. Figure 6 also shows the ducts 88 for the 
storage fluid, similar to the ducts 60 in figure 5, 
which communicate with the channels 32 of the tubes via 
openings 90. These channels communicate with the inlet 
and outlet pipes 91 at their end located to the left of 
the figure, that is, on the side on the pipes 82 and 
84, and are blocked by plugs 92 at the opposite end, 
that is, on the side of the plug 94 common to the ducts 
72 and 80. 

Figures 7 to 11 show an evaporator of different 
construction from those of figures 2 to 6 , also usable 
in the device in figure 1. This evaporator comprises a 
stack of modules 100 each formed from three stamped 
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plates. The partial elevation view in figure 7 shows a 
number of the modules 100, the closest to the right end 
of the stack that has the inlet and outlet pipes 101, 
102 for the refrigerant, connected to a pressure- 
5 reducing member, for example a pressure reducer 103 in 
the embodiment shown, and the inlet and outlet pipes 
104, 105 for the heat storage fluid. As shown in the 
figure, the modules 100 are in mutual contact in an 
upper region and in a lower region, and have between 

10 them, in a median region extending along most of the 
height of the evaporator, intervals 106 for the passage 
of the air flow, which are lined with corrugated 
inserts 107 similar to the inserts 16 in figures 2 and 
3. The three plates 108, 109, and 110 making up each 

15 module have the same substantially rectangular contour,. 

and each has a peripheral edge 111 located in a plane 
perpendicular to the stacking direction, that is, the 
left-right direction in figure 7. The plates 108, 110 
and 109, shown separately in figures 12 to 14 

20 respectively, are arranged in this order from left to 
right in figures 7 to 11. As shown in figures 8 to 11, 
which show partial cross sections along planes parallel 
to the stacking direction, the peripheral edges 111 of 
the three plates are mutually joined and brazed to be 

25 sealed to the fluids. As shown in figure 8, the outlet 
pipe 105 of the storage fluid is connected to the upper 
end region of the modules, at mid- width thereof, while 
the inlet and outlet pipes 101, 102 of the refrigerant 
are connected in the same upper region, laterally on 

3.0 either side of the pipe 105. It is advantageous for 
the inlet and outlet pipes 104, 105 of the storage 
fluid to be located respectively in the lower part and 
the upper part of the heat exchanger in order to remove 
the residual gases. 

35 

Facing each of the pipes 101 and 102, the plate 108 of. 
one module and the . plate lib of the neighboring module 
are stamped in order to form respective proj ections 
112, 113 of which the flat tops 114, 115 are mutually 
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supporting and are drilled with coinciding openings 
116, 117. The flat tops 114, 115 are brazed together 
in a sealed manner around the openings 116, 117 in 
order to form, through the stack, longitudinal ducts 
5 118, 119 connected respectively to the pipes 101 and 
102 . 

Facing the storage fluid inlet pipe 104, as shown in 
particular in figure 11, the plate 108 of one module 

10 and the plate 109 of a neighboring module have 
respective projections 120, 121 of which the flat tops, 
122, 123 are applied against one another and are 
drilled with coinciding openings 124, 125 around which 
they are brazed together in a sealed manner to the 

15 fluids. These projections define a longitudinal duct 
126 that communicates with the pipe 104, openings 127 
being arranged in the plates 110 to ensure the 
continuity of this duct. 

20 Facing the storage fluid outlet pipe 105, as shown in 
figures 8 and 10, the plates 108 and 110 of each module 
extend into the planes of their respective peripheral 
edges 111, and the plate 109 of one module has a 
projection 128 of which the flat top 129 bears against 

25 the plate 110 of the neighboring module, the . top 129 
and the plates 108 and 110 having respective coinciding 
openings 130, 131 and 132 around which they are brazed 
together in a sealed manner to the fluids. The 
projections 128 bound a longitudinal duct 133 

30 communicating with the pipe 105. 

In- the region at mid-height of the -modules, as shown in 
figures 9 and 11, the plates 108 and 110 generally 
extend along planes parallel to the planes of their 
35 peripheral edges 111/ and are separated from one 
another. However, these plates are brazed together in 
a sealed manner in a zone 134 (figure 11) located 
immediately above the duct 12 6 and extending along the 
whole length of the module, up to the vertical sides of 
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the edges 111, and also along a median vertical line 
corresponding to the tops of the respective ribs 140 
(figure 9) formed by stamping, which connect at the 
upper sides of the peripheral edges 111 and extend up 
5 to a certain distance above the zone 134. The plates 
108 and 110 hence together define a U-shaped route 
between the ducts 118 and 119, of which the branches 
137, 138 are located on either side of the ribs 140 and 
are connected to one another between the bottom , end 
10 thereof and the zone 134. The projections 120, 121 and 
the associated openings are advantageously elongated 
horizontally and may extend over nearly the whole width 
of the evaporator. 

15 The plate 109 of each module extends, over its entire 
area with the exception of the peripheral edge 111 and 
the projections 121 and 128, along a plane parallel to 
the plane of its peripheral edge, and separated from 
the plate 110. The projections 121 and 128 are formed 

20 from this plane portion 135 and the projections 113 
pass through the openings 13 6 formed therein in a 
sealed manner. The plane portion 13 5 together with the 
plate 110 bounds a space 13 9 providing a vertical 
upward route for the storage fluid from the duct 126 to 

25 the duct 133, enabling this fluid to circulate without 
the emission of noise due to degassing and. without any 
oil retention problem. An insert, not shown, may be 
provided in the space 13 9 to promote the heat exchange. 

30 Figure 15 shows a plate 109a which may be used to 
replace the plate 109 in the stack in f igures . 7 to 11, 
without other -changes. The elements of this plate, 
similar to the corresponding elements of the plate 109, 
are denoted by the same reference numerals. The plate 

35 109a differs from the plate 109 by the presence of two 
ribs formed by stamping from the plane portion 13 5 and 
of which the tops are brazed in a sealed manner to the 
plate 110 of the same module. A first rib comprises a 
horizontal region 14 3 which connects to the peripheral 
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edge 111 on one of the vertical sides of the plate (to 
the right in the figure) , immediately below the 
openings 13 6, followed by a bend 144 and a vertical 
region 145 which extends downward to the vicinity of 
5 the projection 121. The second rib comprises a region 
146 which extends substantially horizontally and 
connects to the peripheral edge 111 on the opposite 
side of the plate (to the left in the figure) , 
immediately above the projection 121, followed by a 

10 bend 14 7 and a vertical region 14 8 which extends upward 
to the vicinity of the openings 136. The bottom end of. 
the region 145 and the top end of the region 14 8 are 
located facing the regions 146 and 143 respectively. 
The ribs 14 3 and 14 8, together with the peripheral edge 

15 111, bound an S-shaped route for the second fluid, 
comprising, from the duct 126, a first upward branch 
comprised between the right-hand side of the plate and 
the rib 14 6-148, a second downward branch comprised 
between the two ribs and a third upward branch 

20 comprised between the left-hand side of the plate and 
the rib 143-145 and terminating at the duct 133, the 
regions 145 and 14 8 being arranged so that these three 
branches substantially have the same width. 
Furthermore, the region 14 6 broadens upward in the 

25 direction of the left-hand side of the plate in order 
to form a roundoff at the transition between the second 
and third branches of the route. 

The examples of heat exchangers described may be used 
30 both with a static storage fluid and with a circulating 
storage fluid. 

All or part of the spaces provided in the evaporator 
for the circulation of the heat transfer fluid in 
35 thermal contact with the air flow can be lined with a 
highly porous, heat-conducting foam, for example, a 
graphite foam from Pocofoam with a porosity of 90% and 
a conductivity of 15 0 W/m/®C and having a very high 
specific surface area. Such a foam is advantageously 
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compressed in the channels thermally connected with the 
refrigerant and with the air flow. 

As indicated above, the number of passes in an 
.5 evaporator according to the invention may be different 
from 4 and from 6, and may be any even number 2n, where 
n is any integer. 

The heat storage fluid, qualified above as heat 
10 transfer fluid, may also be a phase change fluid, that 
is, a fluid of which the melting point is between 0®C 
and 10«>C. 

The phase change fluid may consist of water, but this 
15 has the drawback that this water expands when it passes 
from the liquid state to the solid state and may give 
rise to icing. 

It is preferable to use phase change fluids having a 
20 melting point of between 4«>C and 7°C. By way of 
example of such materials, mention can be made in 
particular of the materials of the family of paraffins, 
hydrated salts and eutectic compounds. Among the 
paraffins, mention can be made in particular of the 
25 product denoted by the trade name RT5 from Rubitherm.. 

One advantageous material is a paraffin with a specific 
gravity of 0 . 8 , It is preferable to use phase change 
materials having an enthalpy of conversion equal to 150 

30 kJ/kg or higher. Preferably, the melting point is 
higher than O^C to avoid icingf problems and above all, 
to avoid excessively penalizing the thermodynamic cycle 
by a low pressure that is too low. Moreover, the 
melting point should preferably be lower than lO^C so 

35 that, by recovering the stored energy, sufficiently low 
temperatures can be obtained to meet the comfort 
requirements. 

The total quantity of heat transfer fluid present in 
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the loop BS in figure 1 depends on the heat energy to 
be transferred to the air flow F during periods when 
the engine M is stopped. Studies have shown that in 
most cases, the duration of these periods is less than 
5 30 seconds. In order to bring the air from 25®C and 
4 0% relative humidity upstream of the evaporator to 
10°C and 100% relative humidity downstream of the 
evaporator, the heating power necessary for a 
throughput of 350 kg/h is about 1500 W, or an energy of 

10 45 000 J to be transferred in 30 seconds. This energy 
is supplied by the melting of 3 00 g of phase change 
material having an enthalpy of fusion of 150 kJ/kg. In 
general, the quantity of phase change material may be 
between 200 and 500 g. The heat exchange area between 

15 the refrigerant and the phase change material, and 
between the phase change material and the air flow, 
supplied for example by the inserts 16 and 107 
described above, is advantageously between 0.5 and 
1 . 5 m^ . 

20 

Figure 16 shows the same elements as in figure 1, 
denoted by the same reference numerals, but the letter 
^^f " is added after the letter ''S" in the reference 
numeral of the cold storage loop, which becomes BSf , 

25 and in those of the components of this loop. The 
device in figure 16 differs from the one in figure 1 by 
the addition of a heat storage loop BSc associated with 
the radiator BC2 and similar to the loop BSf, hence 
comprising, in addition to the radiator, an electric 

30 circulating pump BScl and a storage tank BSc2 for a 
heat transfer fluid that is capable of exchanging heat 
with the cooling fluid and with the air flow F in the 
radiator BC2 . 

35 Obviously, the invention could also not use a cold 
storage loop associated with an evaporator, and only 
use a heat storage loop associated with a radiator such 
as BC2 . 



